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Executive summary
Acknowledging the fundamental role of Research and Development (R&D) in technological progress and well-known market failures in knowledge creation, a large majority of OECD countries provide direct or indirect support for R&D activities of private companies. Most studies that evaluate public support focus on the extent to which subsidies or tax incentives foster R&D projects that companies would not have carried out without support (so-called input additionality). Some recent studies consider output additionality, in effect; the impact of public support for R&D on product and process innovation or productivity. The possible effects of public support on R&D behaviour, for example;
shifting R&D activities towards more risky and potentially more profitable projects, is studied by even fewer scholars. measures, only researchers with a specific educational degree are eligible (for example, PhDs and masters in exact or applied sciences or civil engineers). These measures affect the relative wage cost of specific groups of R&D personnel and thereby relative demand. If the supply of some inputs is inelastic, the rising demand for these inputs due to targeted incentives may raise factor prices (wages). In this paper we assess the effects of recent tax benefits oriented towards highly qualified researchers both on the composition of R&D personnel and the average wages of researchers.
The results presented in this paper show that some measures of public support indeed affect the composition of R&D personnel in companies. There are some indications of substitution of PhD's and civil engineers for R&D employees with a lower degree. Although firms are free to decide how to use the money freed by the partial exemption from withholding tax on the wages of researchers, the partial exemption for researchers with a PhD or civil engineering degree is found to have a substantial positive impact on the share of researchers with that specific degree. The partial exemption for researchers with a master degree is not found to have had a statistically significant impact on the number of R&D employees or the share of researchers with a master degree. In line with previous studies, we find evidence that public support raises the average wage of researchers. Our results however clearly show the need to disentangle the impact on wages due to changes in the educational mix of R&D personnel from the impact public support may have by raising demand for researchers when supply is inelastic.
If data over a longer period become available, possible changes in the supply of researchers could be taken into account in the assessment of the impact of public support for R&D on the educational mix of R&D personnel.
A more in-depth estimation of the impact of changes in the educational mix of R&D personnel on the orientation of R&D activities (e.g., the share of R&D dedicated to basic research, applied research or experimental development) seems warranted. Further analysis is also necessary to shed light on whether or not changes in the educational mix translate into changes in innovative performance. This would help in the debate on the relation between policy support and the wages of R&D personnel, in effect, the extent to which rising wages reflect the rising education level of researchers and whether the latter has a positive impact on the long-term innovative capacity of firms.
Synthèse
Vu le rôle fondamental joué par la Recherche & Développement (R&D) dans les progrès technologiques et les imperfections bien connus du marché pour la création de connaissances, la grande majorité des pays de l'OCDE soutiennent directement ou indirectement les activités R&D des entreprises. La plupart des études évaluant les aides publiques se concentrent sur la mesure dans laquelle les subventions ou incitations fiscales soutiennent les projets de R&D que les entreprises n'auraient pas lancés sans cet apport (additionnalité dite par input). Certaines études récentes tiennent, quant à elles, compte de l'additionnalité par output, c'est-à-dire de l'impact des aides publiques en faveur de la R&D sur l'innovation des produits et processus et sur la productivité. Enfin, quelques études se penchent sur les effets possibles des aides publiques sur la nature des activités R&D déployées, par exemple si les aides entraînent un glissement des activités R&D vers des projets plus risqués, mais donc potentiellement plus rentables. 
Introduction 1.
Acknowledging the fundamental role of R&D activities in technological progress and well-known market failures in knowledge creation, most OECD countries provide direct or indirect support for R&D activities of private companies. The assessment of public support tends to focus on input additionality, in effect, the extent to which subsidies or tax incentives foster R&D projects that companies would not have carried out without support. Empirical studies generally indicate that subsidies and tax incentives result in additional R&D by private companies (see for example, reviews by David et al. 2000; Hall and van Reenen 2000) . However, in two recent surveys, Köhler et al. (2012) and Zúñiga-Vicente et al. (2014) conclude that in spite of a large body of empirical work, our knowledge as to how effective tax incentives for R&D are, remains rather limited.
To the best of our knowledge, there is hardly any study that considers the impact of tax incentives on the educational mix of R&D personnel -undoubtedly explained by data availability -although it seems evident that government policies that favour certain types of inputs, can affect both the total amount of inputs that firms will use as well as the composition of these inputs. Thereby, public support is likely to influence the decisions of firms as to how much of the different types of inputs (capital or workers with different education degrees) they will use to produce knowledge and new products/processes. If the supply of some specific inputs is inelastic, the rising demand for these inputs due to targeted incentives may raise factor prices (wages). In this paper we study the influence of public support oriented towards highly qualified researchers both on the composition of R&D personnel and the wages of researchers.
These effects may have important implications, both from a methodological and a policy perspective. Our analysis is based on the relatively recent introduction of a partial exemption of the withholding tax on the wages of highly qualified R&D personnel in Belgian companies. The money that companies save through the partial exemption can be freely used. This measure is the cornerstone of the Belgian policy to support R&D activities of private companies through tax incentives in view of the EU 2020 target that R&D expenditures should amount to 3% of GDP by 2020. Given the increased importance of tax benefits for R&D in policy making in OECD countries and the continuous fine-tuning of these policies (OECD 2013), the Belgian tax benefits which target specific types of knowledge workers provide a pertinent case. An important motivation for the recent Belgian tax benefits was to stimulate the employment of high-level R&D profiles which, as pointed out by Chiesa (1996) ; Chiesa and Frattini (2007) and López (2011, 2012) , orient towards more longer term basic and applied research compared to shorter term experimental development.
The estimations, performed on data linking information on tax incentives granted by the federal government in Belgium to responses of companies to the biennial OECD business R&D survey, account for the self-selection of companies, unobserved firm heterogeneity and the endogeneity of public support.
The results of the estimations are complemented with detailed information on the appraisal by companies of the federal tax incentives, as gathered through an electronic survey. In line with the increased interest in the policy mix of tax incentives and subsidies in support of R&D (e.g., Nauwelaers et al. 2009; Magro and Wilson 2013; OECD 2013) , we control for the impact of R&D subsidies in our assessment of the effects of tax incentives. Section 2 provides an overview of the relevant literature and states the main research questions. Section 3 describes the data that are used. In section 4 the estimation procedure is discussed and the estimation results are reported. Conclusions are provided in section 5.
Literature and conceptual framework 2.
Public support for R&D activities of private companies
Most empirical studies assess the impact of public support for R&D in terms of input additionality, in effect, the extent to which direct or indirect support raises the level of R&D expenditures of companies.
Starting from Hitch (1958) , Nelson (1959) and Arrow (1962) , the neoclassical market failure argument in favour of public support stresses the uncertainty and high risks involved in R&D activities. Tax incentives are used in an increasing number of countries to raise the level of R&D activities of private companies to a perceived socially desired optimum (OECD 2013) . Tax incentives have some distinct characteristics compared to the other main policy instrument to support business R&D, i.e. subsidies (OECD 2013) . In general, subsidies provide up-front financing of R&D projects independent of a firm's fiscal situation (e.g., profits). Subsidies are more interesting for firms facing appropriability difficulties as additional revenue resulting from innovation could be compromised by imitation. For subsidies, technical challenge is an important decision criterion (e.g. Takalo et al. 2013 for Finland), which also creates steering opportunities towards more beneficial projects from a societal point of view (David et al. 2000) .Tax incentives, on average, have a lower administrative burden and are more neutral in terms of winner-picking (avoiding inefficiencies due to uninformed steering - Hall and Van Reenen, 2000) and therefore could be preferred for firms with more substantial appropriability capacity. Tax incentives are more likely to benefit stable R&D performers, whereas subsidies tend to increase the number of R&D performers (Busom et al. 2012 ; Arqué-Castells and Mohnen 2012).
The specific tax benefits in Belgium are derived from the employment of highly qualified researchers (defined by educational level) but the resources that become available can be freely spent by the firm.
Given the low administrative burden and control it is possible that the money from the tax benefits is not spent on R&D (see Lokshin & Mohnen 2013 on deadweight loss) or results in relabeling of expenses as research activities (e.g., Ientile and Mairesse 2009; Antonelli and Crespi 2013) . In view of the focus of this paper on the composition of R&D personnel it should be pointed out that firms have no obligation to use the money that is saved through the tax benefit to employ more R&D employees of eligible educational groups.
Educational mix of R&D personnel
Human resources for R&D activities are repositories of particular skills and knowledge (Nonaka and Takeuchi 1995) which result from two processes (OECD 1995) . First, skills and knowledge are the result of learning by doing as employees perform repetitious tasks that raise efficiency (Nemet 2012) . However, this type of knowledge is characterized by diminishing returns (Arrow 1962) . A second, more permanent, source of skills and knowledge stems from formal education in terms of diplomas (OECD, 1995) . The education of PhDs, as the highest education level, is characterized by two purposes. On the one hand, the formation involves skill and capability development to perform independent research activities; and, on the other hand, the final result is a finished product listing the research results (Spithoven and Teirlinck 2010) . R&D employees holding certain degrees are often equated with highly qualified personnel and are deemed to be important for R&D activities and innovation (Roach and Sauermann 2010; Lam 2005) .
The skills and knowledge gained through formal education are, first and foremost, tacit in nature (Argote and Ingram 2000) . Hence, formal education is both part and parcel of building absorptive capacity (Huang and Rice 2009; Azagra-Caro et al. 2006; Roach and Sauermann 2010 ).
More recently, task-related diversity, expressed both in knowledge area background and educational background, has been put forward as another argument for not considering R&D personnel as a homogeneous group of employees (Faems and Subramanian 2013) . This view builds on earlier work by Thomas (2004) that the increasingly complex nature of technology forces firms to diversify manpower in terms of educational and knowledge background, in line with the literature on organizational diversity (Hülsheger et al. 2009 ). Ientile and Mairesse (2009) argue that rising wages may be due to increasing productivity and that governments provide support precisely to partly offset the wage increases of researchers. However, if the supply of R&D employees is inelastic, an increase in demand may result in upward pressure on wages (OECD 2013). Part of the additionality of public support may therefore simply reflect an increase in wages rather than an increase in R&D activities. Estimations for a panel of 20 OECD countries, by Jaumotte and Pain (2005) , point out the difficulty in raising R&D intensity given the inelastic supply of researchers, especially in the short term. Estimates of Goolsbee (1998) for the US, suggest that an increase in R&D expenditures by 10% results in an immediate rise in the wages of researchers by 1% and by another 2% in the ensuing four years. He concludes that by ignoring this effect, the additionality of public support for R&D may be overestimated by 30 up to 50%. Rising wages will also affect those companies that do not receive a subsidy or tax benefit. For the Netherlands, Marey and Borghans (2000) find that an increase in R&D expenditures by 1% results in a long-term increase of 0.5% in the supply of researchers and a rise in wages of 0.4%. In the short run the wage increase is even more substantial. According to the estimates for Norway by Haegeland and Møen (2007) , a tax benefit of 100,000 Norwegian Krone is absorbed to the extent of 33,000 Krone (up to 55,000 for SMEs) in rising wages for researchers. Using firm-level data over the period 1997 , Lokshin and Mohnen (2013 estimate that the impact on wages reduces the effectiveness of Dutch tax incentives for R&D by 25 percent. However, they rightly point out that regressions that fail to control for individual characteristics of R&D employees may suffer from an omitted variable bias. Accounting for the latter is an important contribution of this paper. In line with the policy measures under consideration (see section 3) we do so by taking account of the educational level of the R&D personnel.
Effects on wages of R&D employees

Research design
As presented in graph 1 the research design focuses on the influence of public policy in terms of R&D tax credits and R&D subsidies on the educational mix of R&D employees and the effects this brings in its wake in terms of the wages of researchers. By lowering the cost of employing R&D employees, a partial exemption from the withholding tax on the wages of researchers (i.e., the specific form of tax incentive in Belgium, see section 3 for details) may stimulate the demand for R&D employees. However, firms are free to decide how to spend the money freed by the exemption and are not obliged to employ specific categories. They can, for example, decide to stimulate the employment of all types of employees (including production workers or administrative employees); employ more R&D employees; upgrade the educational qualifications of the R&D employees (for example, opt for more PhDs) or use the money to pay for increased salaries of qualified researchers that are in high demand but low supply (OECD 2013). Other qualifications
Related effects
Wages of researchers
In our assessment of the impact of public support, we assume that tax incentives aimed at lowering the cost of highly educated researchers will have a positive impact on this category of R&D employees employed by companies, as they decrease the relative cost of this specific group with respect to researchers that are not eligible for the tax incentive. The positive impact can be reflected in the fact that if companies decide to increase their R&D activities they will tend to recruit relatively more researchers with an educational degree eligible for the tax benefit. The effect may however also be reflected in relative substitution in companies that do not raise their R&D expenditures, in effect, eligible researchers that substitute for researchers for which companies cannot receive support. We will assess the impact of the tax incentives on the absolute number of specific groups as well as on the share of different groups in total R&D personnel.
With regard to wages, we investigate whether the additionality of public support may be partially offset by rising wages of researchers that result from increased demand with inelastic supply of researchers but control for the share of different educational groups to account for changes in the average wage of researchers that are due to changes in the composition of R&D personnel. measures the exemption originally amounted to 50% and for the last two to 25%. For all four measures, the exemption was raised to 65% in July 2008 and to 75% in January 2009. As from July 2013 the exemption amounts to 80%. The changes in the extent of exemption are used to construct instruments for the tax incentives received by companies, as explained in section 4. Unlike tax incentives for R&D in many other countries, the tax incentives introduced by the Belgian federal government aim at the wage cost of R&D employees and therefore also apply to companies that do not make any profit and moreover are made available upfront. In 2009, two thirds of financial public support came from federal tax incentives and one third from regional subsidies (Spithoven 2013) . Table 1 shows the number of companies that benefit from direct support provided by one of the three regions or from one of the four measures of partial exemption from advance payment on the wages of R&D employees. The largest number of R&D companies with public support, receive a subsidy from one of the three regional authorities. The partial exemption from advance payment for R&D employees with a degree in List 1 or List 2 is becoming increasingly popular, probably explained by the percentage of exemption that has been raised and the rising acquaintance with the tax incentives. The partial exemption from advance payment for Young Innovative Companies and for companies that cooperate in research with a university, higher education institution or a scientific institution also witnessed a strong increase but given the specific nature of these measures the number of beneficiary companies remains relatively small. Based on the data provided in the OECD business R&D survey, graph 2 presents, for each education degree, the number of full time equivalent R&D employees in companies in Belgium over the period 1995 . Between 1995 and 2001 the absolute number of all four groups increased considerably. The growth in employment, in relative terms, was highest for PhDs, followed by the group of R&D employees with a university degree or a higher education degree (2nd stage). After 2001, the evolution between the four education groups diverged. Whereas employment for R&D employees with a PhD and employees with a higher education degree (1st stage) continued to increase, employment for researchers with a university or higher education degree (2nd stage) and especially R&D employees with a non-tertiary degree dropped. firms with a larger share of masters were more prone to respond to the opinion poll. The same applies to large firms which stand to benefit considerably from the partial exemption from advance payment for R&D employees. Companies from knowledge intensive services also appear to be overrepresented and companies from less knowledge intensive services underrepresented, which again can be explained by the fact that the issues involved are more relevant to the knowledge intensive service sectors.
A similar reasoning explains why firms with a high internal R&D intensity are more inclined to answer the poll. Although the group of firms responding to the poll appears to be unrepresentative in terms of some firm characteristics, this seems to be mainly due to whether firms receive partial exemption from advance payment or not. As most questions in the poll apply to the beneficiaries of federal support, the bias is of less importance to the questions at hand. Nevertheless some caution in the interpretation of the results is warranted.
Estimation 4.
The econometric procedure used to estimate the impact of the partial exemption from advance payment is discussed in section 4.1. The estimation results are reported in section 4.2, complemented with findings from the opinion poll whenever these are related to R&D employees.
Estimation procedure
When assessing the impact of public support for R&D a number of econometric issues needs to be tackled: the well-known self-selection of companies in terms of public support for R&D, unobserved firm heterogeneity and the endogeneity of the amount of public support received by companies. Ordinary Least Squares estimation of the impact of public support on the R&D activities of firms may provide biased results, if the fact that the probability to receive a subsidy or tax benefit differs between companies is not taken into account (see for example Wallsten 2000) . To acknowledge for potential self-selection of companies a two-step estimation procedure is used, following Busom (2000) and Hussinger (2008) . The first step consists in the estimation of a selection equation. However, unlike in most previous studies multiple possibilities of public support need to be considered. As there are no strong prior reasons to assume that direct (subsidies) and indirect (tax incentives) public support are subject to the same selection process a multinomial Logit specification with four possible outcomes (in line with Busom et al., 2012 ) is estimated, accounting for unobserved firm heterogeneity, as proposed heterogeneity through random effects . Following Dubin and McFadden (1984) , an inverse Mills ratio is computed for each category of public support with respect to the reference group (companies which do not receive a subsidy or partial exemption in the considered year). The three inverse Mills ratios are included in the second step, the estimation of the impact of public support. If the coefficient of an inverse Mills ratio is found to differ significantly from zero, Ordinary Least Squares results are likely to be biased by failing to take into account self-selection by companies.
For the second, assessing the impact of public support on specific skill groups, we use employment shares as the dependent variable and use Seemingly Unrelated Regression (SUR) to account for possible correlation between the error terms of the different share equations (e.g., Zellner 1962). These specifications are similar to the employment share equations that have been used by, for example, Berman et al. (1994) ; Machin and Van Reenen (1998) and Strauss-Kahn (2004) to assess the impact of internationalization and technical change on the position of low-skilled workers. The specification follows from replacing cost shares in equations derived from the cost minimization of a translog cost function, by employment shares, under the assumption that when wages are not fully flexible, labour market shocks will affect relative employment of production factors rather than relative wages. The assumption that wages are not fully flexible is realistic for the labour market in Belgium (OECD, 2013).
The amounts of public support included in the specification can be seen as variables that shift the (relative) demand of production factors by affecting their real cost.
The second step estimation considers the actual impact of public support on the educational mix of R&D personnel: In empirical studies, size; industry classification and internal funding are found to be important determinants of the R&D expenditures of a company (see for example, Bassanini and Ernst, 2002; Kahn, 2006 , Gelabert et al., 2009 . Therefore value added (VA), the number of employees and industry (NACE 2-digit industry dummy Di,s) are included as control variables. A dummy denoting in which of the three regions the company operates (Di,r) as well as year dummies (Dt) are included in the estimation, as is the usual residual term, it  .
ˆj it is the inverse Mills ratio for category j of public support. Consid-ering the group of companies that do not receive public support as benchmark, three ratios are included (firm only receives a subsidy; firm only receives a partial exemption from advance payment; firm receives both a subsidy and partial exemption). As pointed out by Heckman (1979) , the standard errors in the second step are not consistent if the additional variance due to the inclusion of the first step estimate of the inverse Mills ratio is not accounted for. Standard errors of the second step are therefore corrected following the formula provided by Dumont et al. (2005) .
A final econometric issue that is acknowledged, distinct from the self-selection of companies, is the possible endogeneity of the amount of public support received by a firm. Both a subsidy and a tax benefit have to be applied for by the firm and therefore imply action by the firm. Endogeneity can be accounted for through the use of instrumental variable (IV) estimation. We follow Chang (2012) and Rao (2013) who use changes in tax policy to construct instruments for the public support variables.
More specifically the changes -exogenous to decisions of firms -in the rate of partial exemption from advance payment that occurred during the period under consideration are used to compute the cost of real R&D expenditures in a given year as if the policy change would not have occurred.
Estimation results
The partial exemption from advance payment of withholding tax on the wages of R&D employees with a degree in List 1 or in List 2 targets specific groups of R&D employees. Although these groups do not match perfectly with the educational mix considered in the R&D survey, the information can be used to assess the impact of regional subsidies and the tax incentives, on specific groups of R&D workers. The Appendix. The fact that a firm received partial exemption for research cooperation in the previous period raises the probability that the firm receives a subsidy, partial exemption or both in the current period, although the coefficients are only statistically significant at 10%. The only effect that is significant at 5% is the fact that a firm received a regional subsidy in the previous period which increases the likeliness that the firm will receive a subsidy as well as partial exemption in the current period. The fact that a company was granted a subsidy appears to have increased the awareness of tax incentives or to have incited companies with little experience in R&D activities to set up an R&D project which is then followed up in later years with support of tax incentives. This seems in line with the conclusions of Corchuelo and Martinez-Ros (2009) for Spain that obtaining a grant increases the probability of consequently using tax incentives. In a Multinomial Logit estimation that does not account for unobserved firm heterogeneity, the coefficient of lagged R&D expenditures is significant for category 3 and 4 as is the coefficient of the number of employees for category 4. 2 This indicates that these variables capture part of unobserved firm heterogeneity. That the coefficient of List 1 is not statistically significant can probably be explained by the fact that this measure was only introduced in 2006 and gained popularity towards the end of the period under consideration.
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Results not reported but available upon request.
Employment effect
Before we consider the impact of tax incentives and subsidies on the educational mix of R&D personnel, we test whether these public support measures increased the overall number of R&D employees of firms. As many OECD countries, Belgium witnessed a drop in real GDP in 2009, the last year in the period under consideration. Given the macro-economic situation firms may have been reluctant to hire new employees and the main impact of the tax incentives may have been that firms simply sustained their actual number of R&D employees. Some questions in the opinion poll provide insight into this issue.
Regression results, with the total number of full time equivalent R&D employees as the dependent variable, are reported in table 2. As mentioned before, we follow Chang (2012) and Rao (2013) by using changes in the extent of partial exemption from advance payment to instrument for the public support variables. The regression includes the three inverse Mills ratios from the first step Multinomial logit estimation, to account for the self-selection of firms. Table 2 The impact of subsidies and partial exemption from advance payment for R&D employees (FTE number) Lambda 3 0.13 (5.80)*** 0.14 (7.14)*** 0.14 (4.78)***
Random effects GLS
Number of observations: 788
Note:
The table reports the results of a regression of the number of R&D employees on the amount of public support received by firms. The second column shows the results for a regression in which three inverse Mills ratios are included that are estimated in a first step Multinomial Logit estimation that does not account for unobserved firm heterogeneity. In the third column the results are reported for instrumental variable (IV) estimation, including the same inverse Mills ratios. The last column shows the results of an IV estimation in which three inverse Mills ratios are included that result from a Multinomial Logit estimation that does account for unobserved firm heterogeneity (as reported in table A.1 in Annex). The t-values (reported in brackets) are based on standard errors that have been corrected for the additional variance due to the inclusion of the three estimates of the inverse Mills ratio, as explained in the text. Lambda1-Lambda3 show the coefficients of the three inverse Mills ratios. Statistical significance of the coefficients indicates the need to account for self-selection of firms in terms of public support for R&D. Dummies for industry (NACE two-digit), region and year were included in the estimation but not reported. *, **, *** denotes statistical significance at 10%, 5% and 1% respectively.
The second column shows the results of a Generalized Least Squares random effects regression without instruments, including the three inverse ratios Mills that result from a first step Multinomial Logit estimation that does not account for unobserved firm heterogeneity. Considering a significance level of at least 10%, the three alternative estimation procedures provide robust evidence that the partial exemption for Young Innovative Companies and for researchers with a degree on List 1 have a positive impact on the total number of full time R&D employees employed by companies. The positive impact of regional subsidies is only statistically significant in the regression with the inverse Mills ratios from a Multinomial Logit estimation that accounts for unobserved firm heterogeneity. Accounting for unobserved firm heterogeneity seems to be important as indicated by the corrected standard errors. The variance related to the self-selection is substantially reduced when unobserved firm heterogeneity is accounted for in the Multinomial Logit estimation of selection equation. Accounting for additional variance also reduces the significance of the coefficient of regional subsidies in the last column but to a far lesser extent than for the estimations reported in the second and third column. In the rest of the paper we will report the results of second step estimations including three inverse Mills ratios from a first step estimation of a selection equation in which unobserved firm heterogeneity is accounted for.
Educational mix of R&D employees
In most previous studies, the estimation of the impact of public support for R&D is mainly concentrated on the total number of R&D employees. This approach falls short of accounting for possible shifts in the educational mix of R&D personnel. We assess whether the partial exemption and regional subsidies have had a more pronounced impact on researchers with a specific education degree. Although two of the four measures of partial exemption target specific groups of researchers (List 1 and List 2), companies have no obligation with respect to the money they save through the partial exemption from advance payment on the wages of their eligible researchers. But given that hiring specific researchers becomes less expensive, the partial exemption can be expected to raise the demand for those researchers for which the measure is most advantageous.
As mentioned before, minimization of a translog cost function provides cost share equations for flexible production factors. 4 Under the assumption that wages are not fully flexible, cost shares are often replaced by employment shares (e.g. Berman et al., 1994; Machin and Van Reenen, 1998; Strauss-Kahn, 2004 ).
To assess the impact of tax benefits and subsidies on the educational mix we run a seemingly unrelated regression (SUR) that accounts for correlation between the error terms of the different share equations.
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The share equations are often derived from a short-run cost function, under the assumption that capital is quasi-fixed.
As the shares sum to 1, one of the share equations has to be dropped. We alternatively drop the equation for R&D employees with a degree below tertiary (other qualification) education, reported in Companies raise the share of researchers with a PhD at the cost of researchers with a university or second stage higher education degree. Table 3 The impact of subsidies and tax incentives on specific skill groups of R&D employees ( The table reports the results of seemingly Unrelated Regression (SUR) that accounts for correlations between the error terms of the different share equations. The equation of R&D employees with a non-tertiary degree (other qualifications) is dropped due to the sum restriction. Three inverse Mills ratios are included that result from a Multinomial Logit estimation that does account for unobserved firm heterogeneity (as reported in table A.2 in Annex). Lambda 1-Lambda 3 show the coefficients of the three inverse Mills ratios. Statistical significance of the coefficients indicates the need to account for self-selection of firms in terms of public support for R&D. Dummies for industry (NACE two-digit), region and year were included in the estimation but not reported. *, **, *** denotes statistical significance at 10%, 5% and 1% respectively. Table 4 The impact of subsidies and tax incentives on specific skill groups of R&D employees ( The table reports the results of seemingly Unrelated Regression (SUR) that accounts for correlations between the error terms of the different share equations. The equation of R&D employees with a first stage higher education degree is dropped due to the sum restriction. Three inverse Mills ratios are included that result from a Multinomial Logit estimation that does account for unobserved firm heterogeneity (as reported in table A.2 in Annex). Lambda 1-Lambda 3 show the coefficients of the three inverse Mills ratios. Statistical significance of the coefficients indicates the need to account for self-selection of firms in terms of public support for R&D. Dummies for industry (NACE two-digit), region and year were included in the estimation but not reported. *, **, *** denotes statistical significance at 10%, 5% and 1% respectively.
The SUR estimations reported in tables 3 and 4 do not account for potential endogeneity and the standard errors are not corrected for additional variance due to the inclusion of the estimated inverse Mills ratio's. Table 5 groups suggests that to the extent that the tax incentives result in substitution, this is in relative terms rather than in absolute terms. Table 5 The impact of subsidies and tax incentives on specific skill groups of R&D employees (share in total R&D employees) -Random effects IV estimation Note:
PhD
The table reports the results of an IV regression of the number of R&D employees in a specific skill group on the amount of public support received by firms. Three inverse Mills ratios are included that result from a Multinomial Logit estimation that does account for unobserved firm heterogeneity (as reported in table A.1 in Annex). The t-values (reported in brackets) are based on standard errors that have been corrected for the additional variance due to the inclusion of the three estimates of the inverse Mills ratio, as explained in the text. Lambda 1-Lambda 3 show the coefficients of the three inverse Mills ratios. Statistical significance of the coefficients indicates the need to account for self-selection of firms in terms of public support for R&D. Dummies for industry (NACE two-digit), region and year were included in the estimation but not reported. *, **, *** denotes statistical significance at 10%, 5% and 1% respectively.
In the opinion poll conducted by the Belgian Science Policy Office, firms were asked to rate their agreement with statements on a Likert scale, ranging from 1 (disagree completely) to 5 (agree completely). Table 6 reports the results of the answers to the opinion poll with regard to the motives of firms to perform additional R&D activities. For the statements related to the employment effects, 185 useful answers are obtained from firms benefitting from partial exemption of advance payment for R&D employees. Table 6 provides an overview of the answers to the statements on the employment effects of the tax incentives. Respondents agree most (average score of 3.52) with the statement that current R&D employment is sustained by tax incentives. This result seems to support the view that in the recent economic downturn the tax incentives, by lowering the wage cost, permit firms to retain R&D employees with essential tacit knowledge that is part and parcel of the knowledge base of the firm. Many respondents even state that they created more employment and more R&D jobs 5 . The average score for higher qualified employees as a result of the tax incentives is significantly larger than 3 (i.e., neutral) but only slightly so.
5
The polychoric correlation (correlation between two observed ordinal variables) between the item "sustaining R&D employment" and "more employment" or "more R&D employment" is only 0.116 resp. 0.126 at a 10% level of significance. Respondents to the opinion poll conducted by the Belgian Science Policy Office were asked to rate statements on a Likert scale ranging from 1 (disagree completely) to 5 (agree completely). The symbols *, ** and *** refer to whether the average score differs significantly from 3 (neutral) at respectively 5%, 1%, and 0.1%.
The bottom panel in table 6 looks at the motives to perform additional R&D. The table only reports the responses to questions related to R&D employees. Considering average scores, poll respondents rated technological change and/or changes in the knowledge base and changes in the demand for products or services as the main reasons for additional R&D. 6 However, the existence of both tax benefits and R&D subsidies are ranked almost of equal importance. Nevertheless, the cost of R&D employees, i.e.
wages, remains a cause of concern to the respondents as almost 5 times as many respondents agree with the issue as playing a role in their motivation to engage in additional R&D than those disagreeing with the issue. Hence, the tax incentive is crucial in reducing this wage cost. The availability of high-skilled employees is also an important motive to perform additional R&D. This is related to the elasticity of the supply of highly skilled labour, and thus also to the cost/wage issue.
Wage effect
In their investigation of the effects of Dutch R&D tax incentives on the wages of researchers, Lokshin and Mohnen (2013) consider the ratio of senior research staff to research assistants as a proxy of the skill composition of R&D personnel. They find no significant impact of the tax incentives on this ratio, in line with their hypothesis that the tax credit does not affect the composition of R&D personnel.
Lokshin and Mohnen rightly argue that ignoring the characteristics of R&D employees may result in an omitted variable bias in the estimation of public support on the wages of researchers. Our more detailed breakdown by the education degree of R&D employees provides indications that Belgian tax incentives had a statistical significant impact on the educational mix of R&D personnel, i.e. raise the share of researchers with a PhD. In this section we investigate whether the change in the educational mix has an impact on the average wage of researchers.
6
As these results do not relate to R&D employees, they are not reported in table 6. Other non-reported factors for which the average score is significantly higher than 3 (neutral) are the time horizon of a R&D project; the availability of private or public R&D partners and the cost of materials or infrastructure for R&D.
From the OECD business R&D survey for Belgium, average wages of R&D employees in companies can be computed (total wage sum of R&D personnel/ total number of R&D employees). In table 7 we report the results of a regression, in line with Lokshin and Mohnen (2013) , of the wage of researchers on the effective rate of subsidy or tax incentive, including the average wage of researchers in the industry (two-digit NACE) the company belongs to. The table reports the results of an IV regression of the average wage of R&D employees (in logs) on the log of the effective rate of regional subsidies and the four categories of partial exemption, the share of three education groups in R&D personnel, the average wage of researchers in the industry of the company, value added and the number of employees. Dummies for industry (NACE two-digit), region and year were included in the estimation but not reported. *, **, *** denotes statistical significance at 10%, 5% and 1% respectively.
In the second column we report the results of an IV regression without accounting for the shares of different education groups in R&D personnel. The partial exemption for researchers on List 1 and the partial exemption for research cooperation appear to increase the average wage of R&D employees, although the latter effect is only statistically significant at 10%. The coefficients are moreover rather low, indicating that the impact on wages is not substantial. If we include the shares of three educational groups (leaving out other qualifications because of the sum restriction), all three coefficients are positive and statistically significant, as shown in the third column. Not surprisingly the share of researchers with a PhD has a strong impact on the average wage of researchers. The results indicate the need to account for the educational mix of R&D personnel in assessing the impact on the wages of researchers.
The estimated impact of all measures of public support is smaller when including the shares and the statistical significance is lower. The effect of the partial exemption for research cooperation is no longer significant at 10% and the partial exemption for researchers with a degree on List 1 is significant at 5% rather than 1%. The last two columns show the results of IV regressions, without (fourth column) and with the shares of the three education groups (last column), accounting for a possible selection bias and unobserved firm heterogeneity.
The statistical significance of the inverse Mills ratio's indicates the need to account for selection issues.
A limitation of the latter approach is the substantial reduction in the number of observations. Moreover, the correction of standard errors to account for additional variance due to the inclusion of the estimates from the estimation of the selection equation also has a strong impact as no coefficient is statistically significant after correction. To assess the impact of including the share variables, the standard errors reported in table 7 are therefore the standard errors without the correction. Despite the different estimation procedure and the difference in the number of observations, the last two columns provide fairly similar conclusions, i.e. the effects of public support on the wages of researchers are smaller and statistically less significant when controlling for the composition of R&D personnel. Whereas the impact of the partial exemption for researchers with a degree on List 1 is significant at 5% in the estimation without the share variables, when including these variables the coefficient is only significant at 10%.
The coefficients of the tax incentives in columns 3 and 5 provide an estimate of the impact of public support on the wages that is not explained by their impact on the educational mix, i.e. due to rising demand for researchers with inelastic supply.
As shown in table 6, respondents to the opinion poll, on average, disagreed with the statement that the tax incentives for R&D resulted in higher wages for the current researchers in the firm. These results corroborate the low estimates of the impact of the tax incentives on the average wage of researchers and the low statistical significance of the effects when controlling for the education mix of R&D employees.
As wages are not broken down by education degree in the R&D survey, it is not possible to estimate the impact of subsidies and the tax incentives on the wages of specific skill groups of R&D employees.
Conclusions
5.
The educational mix of R&D personnel has largely been ignored in studies that assess the impact of public support on corporate R&D activities. This paper assesses to what extent public support for R&D not only affects the total number of R&D employees but also its composition, distinguishing R&D workers by education degree. We also account for the educational mix in investigating the potential effects of public support on the wages of researchers.
The results presented in this paper show that some measures of public support indeed affect the composition of the R&D personnel. Indications of substitution of PhDs or civil engineers for R&D employees with a lower degree are in relative terms rather than in absolute terms. In effect, no indications are found that tax incentives actually result in the reduction of the number of employees with a specific degree. Although firms are free to decide how to use the money freed by the partial exemption from withholding tax on the wages of researchers, the partial exemption for researchers with a PhD or civil engineering degree is found to have a substantial impact on the share of researchers with that specific degree. The partial exemption for researchers with a master degree is not found to have had a significant impact on the number of R&D employees or the share of researchers with a master degree.
In line with previous studies, we find evidence that public support raises the average wage of researchers. However, our estimates of these effects are smaller than those reported by Goolsbee (1998) and Marey and Borghans (2000) but also smaller than the estimates of Lokshin and Mohnen (2013) . As pointed out by Lokshin and Mohnen (2013) , the more aggregate level considered by Goolsbee (1998) and Marey and Borghans (2000) may capture spillover effects that are not taken into account at the firm level. We do not find support for the other explanation put forward by Lokshin and Mohnen (2013) , i.e. that tax incentives are more neutral compared to subsidies. We only find indications of a statistically significant impact of tax incentives for R&D employees with a PhD or civil engineers and for researchers involved in industry-science collaboration. For the other target groups of tax benefits and for R&D subsidies, there are no indications of a significant impact on the wages of researchers. The different results may be due to differences in the (in) elasticity of the supply of researchers, or the prevalence of researchers in the public sector, in the Netherlands and Belgium. Data from Eurostat show a higher number of science and technology graduates per 1000 inhabitants in the age group 20-29 for Belgium than for the Netherlands, and the United States, over the period 2001-2011. This conjecture requires further investigation. Our results however clearly show the need to disentangle the impact on wages due to changes in the educational mix of R&D personnel from the impact public support may have by raising demand for researchers when supply is inelastic. Estimates of the impact of public support on the wages of researchers are smaller and less significant when the educational mix of R&D employees is accounted for. In some specifications the estimated effects of public support are actually no longer statistically significant at conventional levels when controlling for the educational mix of R&D personnel.
There are a number of limitations to the assessment reported in this paper. Given the rather recent introduction of the tax incentives, the estimates are likely to be more informative about short-run effects than about the impact in the long run. Future research could assess whether results hold in the long run. It would also be interesting to establish whether a cross-country comparison could reveal differences in the elasticity of supply although this analysis would preferably be carried out within a framework that fully acknowledges the demand for as well as the supply of researchers. If a breakdown of wages by skill group is available, it would be worthwhile to assess which part of the rise in the wages of R&D employees may be due to the inelastic supply of researchers and which part to the increased average skill level. Although companies in Belgium are not obliged to use the money saved through the tax benefits, on eligible R&D employees, the incentives favour researchers with a specific education degree and it is therefore necessary to investigate countries with less specific tax incentives to confirm our results.
A more in-depth estimation of the impact of changes in the educational mix of R&D personnel on the orientation of R&D activities (e.g., the share of R&D dedicated to basic research, applied research or experimental development) seems warranted. If analysis bears out that public support results in the increase of basic research activities, further investigation could reveal whether this reinforces geographical fragmentation, with domestically isolated research hubs and manufacturing being offshored. Tassey (2014) points at the synergies that arise in advanced product development from the co-location of manufacturing plants and research and development facilities. It is therefore important to assess whether tax incentives succeed, not only in raising basic research activities, but also in supporting firms in the translation of basic research into commercial products and thereby to ensure the crucial integration of domestic manufacturing activities in a global value chain. Further analysis is necessary to shed light on whether or not changes in the educational mix translate into changes in innovative performance. This would also help in the debate on the relation between policy support and the wages of R&D personnel, in effect, the extent to which rising wages reflect the rising education level of researchers and whether the latter has a positive impact on the long-term innovative capacity of firms. The table shows the results of a Multinomial logit estimation in which the potential self-selection of companies in terms of public support for R&D is assessed. Four categories are considered: 1 (firm receives no public support for its R&D); 2 (firm only receives a subsidy); 3 (firm only receives a partial exemption from advance payment); 4 (firm receives both a subsidy and partial exemption). Group 1 is the reference category. The variables of public support are lagged one period. To account for unobserved firm heterogeneity the GLLAMM procedure is used. The t-values (reported in brackets) are based on robust (cluster) standard errors. *; ** and *** denote that the coefficient is statistically significant at 10%; 5% and 1% respectively. The lagged amount of partial exemption for Young Innovative companies and List 2 could not be included in the estimation due to convergence problems. Note:
The table reports the results of an IV regression of the number of R&D employees in a specific skill group on the amount of public support received by firms. Three inverse Mills ratios are included that result from a Multinomial Logit estimation that does account for unobserved firm heterogeneity (as reported in table A.1 in Annex). The t-values (reported in brackets) are based on standard errors that have been corrected for the additional variance due to the inclusion of the three estimates of the inverse Mills ratio, as explained in the text. Lambda1-Lambda3 show the coefficients of the three inverse Mills ratios. Statistical significance of the coefficients indicates the need to account for self-selection of firms in terms of public support for R&D. Dummies for industry (NACE two-digit), region and year were included in the estimation but not reported. *, **, *** denotes statistical significance at 10%, 5% and 1% respectively.
